Introduction
Direct-Sequence Code Division Multiple Access (DS-CDMA) is becoming a promising technology for wireless communication systems. Multiple access Interference (MAI) is a continuing topic of research in CDMA systems and various multiuser detection techniques are proposed to eliminate the MAL The optimum multiuser detection was derived in [7] and it was shown that the MAI can he effectively eliminated. However the computational complexity of the optimum multiuser detector is prohibitively high. Hence several sub-optimal receivers have been proposed in the literature.
Many early works on multiuser detection assumed that the codes of all users were known at the receiver and made a simultaneous detection of all users (hence the name multiuser detection). It seems a realistic situation in uplink (mobile station to base station) communication where the (multiuser) detection is at the base station which needs to perform the detection of all users. On the other hand, in a down link (base station to mobile station) communication it is unrealistic that a mobile station should know the codes of all other users in a cell, and therefore it is desirable to consider multiuser detectors that need to know only the code of the desired user, blmd multiuser detection. Blind multiuser detection was studied in ~numher of previous works [31 [41[10] . In time-dispersive channels the Inter Symbol Interference ( I S ] ) limits the performance of CDMA systems. In such situations channel parameters have to be estimated to construct the signature waveform at the receiver. Training data sequence can be used for better estimation of the channel hut if the channel can be estimated without the use of it the effective data transfer rate can he significantly increased. Several blind channel estimation and multiuser detection techniques have been proposed in the literature [Sl[S].
Once the signature waveform of the desired user is reconstructed, the Kalman filter can be used as the multiuser detector to decipher the transmitted hits [lO] . However, the channel order needs to he detected exactly in order to construct the correct signature waveform of the user. In this paper we propose a new method that considers the possibility of different channel models of different lengths, from length 1 (no time-dispersive effect) to a maximum channel length. In addition, the algorithm explicitly considers the switching of channel models as the transmitter passes through different environments. The new detector evaluates the resulting signature waveforms conditioned on the different models and assigns probabilities to them. The switching of channel orders is modelled as a jump-linear Markov chain process and the Interacting Multiple Model (IMM) estimator [l] is used to track the changes in the channel. The IMM estimator, which has been shown to be effective in maneuvering target tracking problems, consists of different Kalman filters with different parameters running in parallel. The estimates from different Kalman filters are combined prubabilistically to form an overall estimate. In the new multiuser detector, an overall estimate of the received signature waveform from the desired user is formed from the channel-conditioned waveforms and the associated channel model probabilities The rest of this paper is organized as follows. In Section 2 the CDMA received signal in time-dispersive channels is presented. In Section 3 channel estimation and multiuser detection in time-dispersive channels [8] is reviewed. In Section 4 time-varying channels and the performance of the existing methods in time-varying channels is discussed. In Section 5 the proposed adaptive estimator based on IMM estimator for time-varying channels is presented. Simulation examples are provided in Section 6 and Section 7 contains the conclusion.
Signal Model
Consider a synchronous DS-CDMA mobile radio network with K users. Passing through a chip rate sampler, the discrete-time output of the receiver during one symbol in-. terval can be modelled as
where As is the received amplitude of the kth user, bk is the transmitted data hit of the kLh user chosen independently and equally from {-1,+1}. sk is the signature waveform of
is the channel noise assumed Gaussian with standard deviation U and K is the number of users in the system. Equation (1) can he represented in vector format as fol-
In multipath channel the received CDMA signal is modelled as
The received signature sequence s y through a timedispersive channel is the convolution of the spreading sequences with the channel coefficients L,-1
i=l where e*(.), n = 0, . . . ,N -1 are the spreading sequences, k r ( i ) are the channel coefficients, and L, is the channel length in number of chips. In matrix format the convolution (2) can he expressed as follows
where
Due to the convolution with the channel coefficients the received signature waveform will he longer than N, the length of the spreading codes or processing gain at the transmitter. Partitioning s k in to L segments of length N as in (9) the received CDMA signal in a time-dispersive channel will be given as in (10). The number of segments L is given by L = r -1 where i. 1 is the smallest integer greater than or equal to x.
Considering an observation interval of ni hits (m is the smoothing factor), the received signal vector (of size m N ) will he
In matrix format the received signal y,(n) can be written
where S k is the block Toeplitz matrix given by (13) and bk(n) is given by (14).
Channel Estimation and Multiuser Detection
The subspace based channel estimation and multiuser de-
The autocorrelation matrix C , of the received signal tection in [SI is summarized in this Section.
performing eigendecomposition on C ,
The N m x d matrix U, is called the signal subspace which is spanned by the columns.of S and the N m x N m -d matrix U, is called the noise subspace which is orthogonal to the columns of S. The diagonal matrix A3 contains the eigenvalues corresponding to the signal subspace and A, which is also diagonal contains the eigenvalues corresponding to the noise subspace. Further it can be noticed that 
Time Varying Channel
The knowledge of L, the channel length in terms of symbol duration, is very important at the receiver to construct the matrix C1 in (28). Hence the accuracy of the above subspace based channel estimation depends on the knowledge of L. If the exact length of the channel is known at the receiver, the channel estimation becomes very accurate and the signature waveform at the receiver, SI, can be constructed accurately.
However practically the knowledge of L is not readily available at the receiver. Further, when a mobile station travels through different environments, for example when a mobile station emerges from a high rise building surrounding
to a n open field where the line of sight is available, it may not be necessary to consider the IS1 effect anymore in estimating the channel and considering so will result in reduced performance.
If the receiver considers a channel length which is smaller than the actual channel length, it becomes an underestimation problem and it leads to a huge mismatch between the actual and constructed signature waveforms at the receiver leading to poor and unacceptable performance. Conversely, if the receiver considers a channel length which is larger than the actual channel length, it becomes an overestimation problem leading to a poor performance again. Hence the performance can be improved if multiple filters are run in parallel assuming various possible channel lengths to account for the uncertainty.
Adaptive Multiuser Detection Using IMM Estimator
In this Section an adaptive multiuser detection based on IMM estimator is presented.
A Kalman filter based blind adaptive multiuser detector for synchronous CDMA signals was proposed in 1101 as follows
The state equation of the Kalman filter is given by (9) and the measurement equation is (10). The measurement V(n.) is the matched filter output STy(n) and the measurement-state matrix is given by d T ( n ) = yT(n)c~,,,ll where C I ,~~I I is the nullspace of j.?, the estimated signature waveform at the receiver and y(n) is the received synchronous CDMA signal as in (2). Here user one is assumed as the user of interest.
From each iteration of the Kalman filter the blind multiuser detector of the user one will be given by representing each of the above r models will run in parallel and will be used by the IMM estimator to find the best estimate for the current estimation.
One cycle of the IMM based multiuser detector is summarized in 8 steps below. At every iteration each Kalman filter will produce a model conditioned state estimate 3si(nln) and the associated covariance P-'(njn) based on its input state x D~( n -l l n -l ) , c o v a r i a n c e P o ' ( n -l~n -l ) a n d t h e c u rrent observation z(n).
. . 
Initializution of the estimator:

Calciilution of the mixing probabilities:
The mixing probability fiilj (n-11 n-1) is the probability that mode A4, was in effect at (n -l)fh iteration given that A4j is in effect at the nth iteration.
where p , (mode transition probability) is the prohahility that At, is the model at the nth iteration given that A4, was the model at ( n -l)th iteration, i.e. p,, = P{M(n) = A!,lAf(n -1) = A!*}. The normalizing constant E, is given by A . .
-1925 3. Mixing: Starting with ki(n -l / n -I) and P'(nlln -1) the mixed initial condition for the Kalman filters matched to the mode A t , are calculated as follows Following three examples were considered for the simulation. 
Conclusions
In this paper an adaptive IMM estimator based multiuser detector is proposed for time-varying time-dispersive channels. It is shown through simulation examples that the knowledge of the exact channel length is important for proper channel estimation. The IMM estimator based multiuser detection scheme considers all possible models of channel length at the receiver and gives a statistically combined estimate which is more Likely to be the active model.
Simulation results show that the proposed estimator adaptively adjusts for model changes in a time-varying channel. 
IS1 ( L = 2).
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